The hormones produced by the anterior lobe of the hypophysis appear to be proteins. Consequently, the chemical methods employed for the extraction, separation, and study of these hormoaes are the methods of protein chemistry. The questions arise as to whether the preparations thus obtained satisfy the criteria of homogeneity, whether the various hormones exist in the gland tissue as chemical individuals or whether they are split off from a "master molecule" in the course of the preparation. It would seem that these problems might profitably be attacked by physical-chemical methods of the type of size analysis by ultracentrifugafion and ultrafiltration, and studies of the behavior in an electrical field. The latter techniques possess advantages over the more drastic chemical methods.
The hormones produced by the anterior lobe of the hypophysis appear to be proteins. Consequently, the chemical methods employed for the extraction, separation, and study of these hormoaes are the methods of protein chemistry. The questions arise as to whether the preparations thus obtained satisfy the criteria of homogeneity, whether the various hormones exist in the gland tissue as chemical individuals or whether they are split off from a "master molecule" in the course of the preparation. It would seem that these problems might profitably be attacked by physical-chemical methods of the type of size analysis by ultracentrifugafion and ultrafiltration, and studies of the behavior in an electrical field. The latter techniques possess advantages over the more drastic chemical methods.
The present experiments attempt to apply the moving boundary method of electrophoresis, with optical observation by the Toepler schlieren method, to this problem. The results afford a first orientation in a highly complex system composed of a number of physiologically active and inactive proteins. The data illustrate the applicability of the technique to the study of tissue extracts and of purified fractions isolated therefrom by chemical methods. In this respect the present experiments supplement the recent work of Tiselius (1) (2) (3) (4) has demonstrated the value of electrophoretic analysis in the study of blood sera, serum proteins, and specific antibodies.
EXPERIMENTAL

Apparatus
The general arrangement of the electrophoretic apparatus employed in the present study is that described by Tiselius (1, 5) . Inasmuch as the apparatus incorporates a number of minor modifications, and in some respects is simpler than the original apparatus of Tiselius, a short description will be given.
The parts composing the optical tract for analysis by the Toepler schlieren method (6) are indicated in Fig. 1 which is a schematic representation of the entire arrangement. The insulated tank in which the electrophoresis cell is immersed has a capacity of about 100 liters. It is kept close to 4 ° by an electrolux gas refrigerating unit (50 kcal./hours capacity) and a circulation system filled with 50 per cent alcohol. The motor-driven stirrer and the circulation pump are mounted on a Lally column placed on a sheet of rubber packing, thus preventing the transmission of vibrations to the electrophoresis cell. The light source and the camera are mounted in a similar manner. The light source is a Bausch and Lomb microscope lamp equipped with a special iris diaphragm and a rack and pinion drive for the first condenser lens (B in Fig. 1 ). The schlieren lens, E, is mounted on a sturdy bracket, supported by the table carrying the water tank, and in such a manner as to be very close to the double window of the tank (100 ram. free diameter). The camera consists of two lengths of heavy walled brass tubing turned to ensure a sliding fit. The electrophoretic diagrams are recorded on standard 35 nun. Eastman positive film contained in a Leitz eldia printer. The latter fits tightly into a brass casing mounted on a slide permitting a rapid change from photography to visual observation on a ground glass screen.
The lenses incorporated into the apparatus are corrected for spherical and chromatic aberration, thus eliminating the need for light falters. Their focal length is not optimal but the main condition for analysis by the schlieren method, ~/z., that the schlieren lens, E, must reproject the edge of the first schlieren diaphragm (near the light source) into the plane of the second, movable schlieren diaphragm (in front of the camera lens), is fulfilled. On the other hand, the camera lens is not focused on the U tube of the electrophoresis cell; this results in a ratio of the size of the index to that of the image of approximately 2.5:1. In actual practice this has not been found to represent a serious drawback, while the lens combination and the distances chosen have made it possible to accommodate the entire apparatus in the space available, i.e. an over-all length of 450 cm.
The type of electrophoresis cell employed depends on the aim of the experiments. For purposes of examination of a given protein preparation for the number of principal components present, for studying the degree of homogeneity of purified fractions, and for determinations of electrophoretic mobility, the simple U tube cell (here called "analytical call") described by Tiselius in 1930 (7) may be used to advantage. The cell used in this laboratory consists of pyrex glass and is made of one piece. The U tube index lengths available for observation are rectanguhr openings of 40 ram. length and of the width of the tubing (8.5 mm.) in the metal shield carrying the electrophoresis cell. The cross-section of the U tube is 0.587 (5). The object of the latter runs was either to effect a mechanical separation of the various protein fractions after completion of the experiment, or to obtain an increase in depth of solution in order to detect mkuor protein components in mixtures. When the new electrophoresis cell is used, higher current intensities (up to 15 milliamperes) may be employed than are possible with the cylindrical cell, without causing thermal boundary disturbances. The compensation arrangement consists of a rod of insulating material which is raised out of one of the electrode vessels by a simple clockwork equipped with a multi-step aluminum pulley in place of the hour hand.
Procedure
The majority of the experiments were conducted in the vicinity of pH 8, where the mobility of most proteins is high enough to effect a resolution of mixtures within relatively short periods (about 2 hours), and where all of the proteins of the pituitary gland appear to be soluble. The ionic strength of the buffers used was adjusted to be about 0.1. For experiments at pH 8, the preparations were equilibrated through cellophane against a large volume of 0.017 M phosphate (pH 8.0) for about 16 to 18 hours at 2-3°C. Precipitates which formed in some instances were removed by filtration. The outside fluid was employed as the supernatant buffer in the electrophoresis. The hydrogen ion concentration was determined with the glass electrode. The conductivity of the buffer solutions after dialysis was measured with the aid of a Leeds and Northrup bridge arrangement and a Washburn conductivity cell designed for fluids of medium conductivity. This measurement was carried out at the same temperature as that at which the electrophoresis was performed.
The potential gradient was calculated by means of the formula F = i/q × K, where F is the potential gradient in terms of volt per cm. of the U tube, i the current intensity in amperes, as read from a milliameter (Triplett universal instrument) connected in series with the electrophoresis cell, q the cross section of the U tube in square centimeters (determined by calibration with mercury), and K the conductivity of the solution (Tiselius (7)).
The boundaries developing in the course of the electrophoresis were recorded photographically at intervals, but the process was also followed by frequent visual observations, on a ground glass screen, and at various positions of the movable schlieren diaphragm. With the arrangement of the blade employed in the present experiments, the boundaries appear as bright lines on a dark background. For quantitative determinations of the electrophoretic mobility it is necessary to measure the change in position with time of the various protein boundaries with reference to an index line. For this purpose, two sharp lines were imprinted in each exposed field with the aid of a mask placed in the back of the film and an auxiliary light source consisting of a miniature flash light bulb placed in the film camera. For the measurements, the developed film was held fiat under spring pressure, and the distance between one of the index lines and a sharp edge of the boundary was determined with a simple measuring microscope (Unicam Company, Cambridge, England) equipped with a cross-hair eye piece and capable of reading to 0.01 ram. These distances were measured in a series of exposures, and the mean of the change with time was calculated. The value thus obtained was multiplied with the photographic reduction factor and reduced to the basis of motion in cm. per second per volt in order to give the absolute mobility, u. The latter was found, in accordance with Tiselius, to be of the order of 10 -s cm3 sec. -1 volt -I.
Pituitary Preparations Studied Crude Extracts
Burn and Ling Extracts.--These extracts, prepared according to Burn and Ling (8) , represent alkaline extracts (PH 11 to 12) of the anterior lobes of fresh beef pituitary glands; the extracts are neutralized to pH 7.5 subsequent to the extraction process. 1 cc. is equivalent to approximately 0.2 gm. of fresh gland tissue. It should be mentioned that the extracts used in the present experiments had been subjected to an additional procedure not ordinarily followed in the preparation of Burn and Ling extracts, viz., to freezing of the extract after adjusting the pH to 7.5. This treatment causes the flocculation of a considerable quantity of contaminating substance of gummy consistency. After centrifuging the thawed solution a comparatively transparent fluid is obtained. The total protein content of these solutions was found to be approximately 1 per cent.
Glycerol Extract.--50 grn. of anterior lobe tissue of fresh, dissected glands were ground finely with sand and suspended in 50 cc. of glycerol. The suspension was covered with a layer of toluene. It was then kept at room temperature for 6 days with shaking at intervals. After adding the same volume of distilled water the mixture was filtered by gravity. The color of the clear solution was cherry red. The procedure here employed is somewhat similar to the one ordinarily used for the extraction of endocellular proteolytic enzymes from animal tissues. The next task was to remove the glycerol which would probably interfere in the electrophoretic experiments by altering the charge and mobility of the protein components (/~gren and Hammarsten (9)). 30 cc. of the glycerol extract were dialyzed against 450 cc. of a 1 per cent NaC1 solution at about q-5 ° for 72 hours; the NaC1 solution was changed every 24 hours. The resulting preparation had a total protein content of 0,4 per cent and was used for electrophoresis.
Saline Pituitary Extracts.--The saline extracts employed were prepared by a procedure developed in this laboratory (10) . Essentially, the extracts are preparations obtained by the extraction of fresh, ground anterior lobes of pituitary glands with either 10 or 2 per cent NaCI solutions at pH 7.0 to 7.5. The suspensions were centrifuged in a laboratory centrifuge at about 2000 R.~.~. and the turbid supernatant fluid was clarified somewhat by the use of a Sharpies supercentrifuge. The slightly opalescent, reddish extracts thus prepared were found to contain approximately 1 per cent total protein.
Fractions and Purified Extracts
Growth Ketogenic and Prolactin Fractions.--The details of the preparation of these fractions have been described (11) . Essentially, they represent components of a fraction of a Burn and Ling extract which are soluble in 80 per cent acetone and which are obtained by isoelectric precipitation. The Burn and Ling extract is adjusted to pH 3.5 with HC1 and 4 volumes of acetone are then added. The precipitate is discarded and the supematant solution is treated with one volume of acetone, bringing the total acetone concentration to 90 per cent. The resultant precipitate is dissolved in water and separated into two fractions insoluble at pH 6.8 and 5.5 respectively. The former fraction is high in growth and ketogenic activity and the latter high in lactogenic content. As determined by the pigeon local crop gland method of bioassay (12) the latter fraction exhibits ten times greater lactogenic potency than the Burn and Ling extracts.
Saline Fractions.-Fraction A.
--This fraction represents essentially the precipitate obtained by adjusting the centrifuged 2 per cent saline extracts to pH 5.3, and exhibits a definite crop-proliferating activity (10) . This preparation is relatively free of certain of the other types of physiological activity which have been attributed to crude extracts of anterior pituitary tissue; e.g., growth, diabetogenic, and thyrotropic activity.
Fraction B.
--This fraction, also obtained by fractionation of the crude saline extract, exerts a growth-stimulating effect when tested in hypophysectomized rats and also possesses a strong "diabetogenic" potency as tested in the partially depancreatized rat (10) .
Crystalline Prolactin.--The crystalline prolactin used in the present investigation was obtained by the procedure described by White, Catchpole, and Long (13).
RESULTS
Crude Extracts
Burn and Ling Extracts.--15 experiments were carried out with this type of extract, 5 of these with the "separation chamber" and the remaining 10 with the analytical cell. In the earlier experiments with the analytical cell a number of boundaries (up to 8) were seen. Subsequently, however, only 2 main boundaries could be distinctly observed and photographically recorded. Hence it must be concluded that some of the additional boundaries seen earlier were due to thermal convection currents (false boundaries). The mobilities of the two main proteins were determined in 3 experiments; the values thus ob-tained were u = -4.1 and -8.8 × 10 -5 cm.~ sec.
When the same extracts were subjected to electrophoresis in the new type of separation cell of Tiselius, the greater depth of solution (30 ram. as compared with 8.8 ram. in the analytical cell) permitted the observation of protein components present in smaller concentrations. Under these conditions, there were always observed faint additional boundaries of protein components of a mobility intermediary between that of the two main proteins. Up to 3 such faint boundaries were detected and photographed with certainty, under conditions excluding the possibility of false boundary formation. Inasmuch as prolactin has a mobility intermediary between that of the two main proteins (see below), it is likely that these faint boundaries correspond to protein hormones of the pituitary gland.
In one experiment with the separation cell, using the compensation device (5), the contents of each of the four chambers were recovered after the experiment and bioassays performed on the solutions contained in the right upper anode and in the left upper cathode compartments. The former, according to visual and photographic observations, contained the front boundaries of the fast main protein and of several proteins of intermediary mobility and present in low concentrations, while the latter contained the slow main protein and a small amount of a red pigment (hemoglobin?). The bioassay showed that the solution in the right upper anode compartment had lactogenic activity whereas the solution in the left upper cathode compartment had no lactogenic activity. In addition, thyrotropic and ketogenic activity was demonstrable in both fractions.
Glycerol Extract.--A sample of the extract (previously dialyzed to remove glycerol) was dialyzed against 0.017 M phosphate buffer of pH 8 in the refrigerator. When this solution was subjected to electrophoresis, the photographic record again showed the presence of two main components, while visually, upon suitable adjustment of the movable diaphragm, up to four components could be distinguished.
The mobility of the two main components, one of which was present greatly in excess of the second, was u ---7.5 X 10 -5 for the fast main component and -1.48 × 10 -5 for the slow minor component, at a pH of 7.65. The mobility of the latter was so small that it must have been close to its isoelectric point. While the fast main component may possibly be identical with the fast protein present in the Burn and Ling extracts (see above), this slow component with an isoelectric point close to pH 7 was not found in the Burn and Ling extract. On the other hand, the second main component of the latter extract (u = -4 × 10 -5 at pH 8) was not present in any appreciable amount in the glycerol extract.
Saline Extract.--A crude pituitary extract prepared with the aid of 10 per cent NaC1 solution was dialyzed twice against 25 volumes of 0.017 ~¢ phosphate buffer (pH 8) and subjected to electrophoresis at pH 7.3. Two main components were recorded on the film with mobiUties, u, equal to -1.14 X 10 -5 and -4.25 X 10 -5. The slow component is probably identical with the corresponding protein found in the glycerol extract, while the faster component is probably the same as the slower main component in the Burn and Ling extracts. A saline extract prepared with 2 per cent NaC1 showed two boundaries with mobilities 0 and approximately -13 × 10 -5 at pH 7.9. The pH of the supernatant buffer, after equilibration, was 8.07. Employing a potential gradient of 5.95 volts per cm., only one main component could be detected; the mobility of this component was -10 × 10 -5 at 11°C. The prolactin present did not appear as a separate boundary, presumably because of its low concentration.
Purified Fractions Growth Ketogenlc Fraction (GK Fraction from Burn and Ling Extract).--With
Fraction B (from Saline Extract).--A 1 per cent aqueous solution
of this fraction was mixed with an equal volume of 0.017 g phosphate buffer (pH 8), and then dialyzed against an additional quantity of the same buffer. After equilibration through the membrane, the pH of the solution was 8.09. The fraction appeared to be relatively homogeneous upon electrophoretic analysis, only one faint boundary being observed visually in addition to the main boundary. The average mobility of the main component at the pH of the experiment was found to be -9.8 X 10 -5 at 3°C.
Crystalline Prolactin
125 rag. crystalline prolactin were dissolved in 25 cc. of 0.017 M phosphate (pH 8) and dialyzed for 24 hours in the ice box against 500 cc. of the same buffer. The first electrophoretic experiment at pH 7.98 and at two different potential gradients (6.55 and 8.3 V/cm.) revealed only one sharp boundary indicative of a high degree of homogeneity of the crystalline protein. The mobility at pH 7.98 was -6.4 X 10 -5, i.e., intermediary between the mobilities of the two main proteins of the Burn and Ling extracts. After the experiment the prolactin solution was recovered from the electrophoresis cell and stored for 19 days in the frozen state. In order to shift the pH of the solution, the material was thawed and dialyzed overnight in the refrigerator against 500 co. of acetate buffer, pH 3.9 (0.02 N in sodium acetate and 0.1 N in acetic acid). After equilibration, the pH of the outside fluid, used as the supernatant buffer in the electrophoresis, was 3.94. The material again appeared perfectly homogeneous at a potential gradient of 7.06 V/cm. The mobility at pH 3.94 was found to be + 9.61 X 10 -5 • The solution in acetate buffer was again frozen and stored for 2 days. After thawing it was dialyzed overnight against 500 cc. of 0.03 z~ phosphate buffer of pH 6.5 (ionic strength approximately 0.05). After 20 hours' dialysis there was a heavy precipitate of protein in the dialyzing bag; the pH of the outside buffer was 6.0. The ,, , t Only the mobility values obtained at the same temperature are directly comparable. Mobilities obtained at different temperatures must be corrected for the change in viscosity with temperature before comparisons may be made.
All experiments, except those otherwise designated, were carried out in the cylindrical electrophoresis cell of Tiselius (7). C. Growth ketogenic fraction from Burn and Ling extract (Experiment 36). p H 4.86; F = 7.85 V/cm.; 3.5"C. The boundary belongs to the main protein precipitate was dissolved by adding about 1.5 cc. of 0.5 N KOH to the suspension. The solution was now dialyzed against a fresh portion (500 cc.) of phosphate (pH 6.5). The solution gradually became opalescent during the dialysis, the opalescence persisting upon filtration. The pH of the protein solution after dialysis was 6.55 and that of the outside buffer 6.50. Electrophoresis at this pH now revealed the presence of two proteins in the solution with sharp boundaries, the mobilities being -3.54 and -6.43 × 10 -6 respectively. In order to decide whether the appearance of the second boundary was due to a reversible pit dissociation or to an irreversible decomposition or denaturation of the prolactin in the course of the preceding treatment, the solution was again recovered and the pH shifted back in the vicinity of the pH of the first experiment by dialyzing against 500 cc. of phosphate solution (pH 8). The pH of the supernatant buffer was then 7.72. Electrophoresis at this hydrogen ion concentration and at a potential gradient of 6.5 V/cm. showed that the two separate boundaries persisted, i.e. that the change suffered by the protein was irreversible. The mobility of the two components was -5.42 and -9.18 X 10-L A plot of the data obtained with the prolactin preparation indicates an isoelectric point of native prolactin at approximately pH 5.6 and it shows that one of the two components present in the changed prolactin solution is apparently still native prolactin while the other has a considerably higher mobility and probably repcomponent of the preparation (u ,= -I-8.99 X 10-5). Upon raising the schlieren diaphragm an additional faint boundary of a protein with a smaller mobility could be detected. C1, cathode chamber; 02, anode chamber. Interval between exposures, 15 minutes. D. Crystalline prolactin (Experiment 46). pH 3.94; F = 7.06 V/cm.; 5°C. The boundary belongs to the native protein hormone (mobility u = + 9.61 X 10-5). DI, cathode chamber in forward run. D2, cathode chamber in backward run. Interval between exposures, 10 minutes.
E. Crystalline prolactin (Experiment 48). pH 6.52; F = 6.4 V/cm.; 4°C. This solution had been stored previous to the experiment in frozen state at pH 3.94 for 3 days and had been dialyzed (after thawing) against phosphate buffer, pH 6.5, for 48 hours in the refrigerator. The slow major component shows the mobility of native prolactin (u = -3.64 × 10-5), whereas the fast minor component (mobility u = -6.43 × 10 -5) corresponds probably to denatured prolactin. Cathode chamber. Interval between exposures, 10 minutes. resents denatured prolactin. After the last experiment the total protein was recovered by acetone-ether precipitation and it was assayed. The lactogenic activity showed no significant decrease when compared with the original crystalline material.
Some of the results obtained in the present investigation are given in Table I . In Fig. 2 will be found representative photographic records obtained in typical experiments.
DISCUSSION
The bulk of the protein present in crude pituitary extracts consists of physiologically inert material which is probably more or less identical with that encountered in any other type of tissue. The two main boundaries observed in the electrophoresis of such crude preparations are those of the inert or "ballast" proteins. The widely differing electrophoretic mobility of these proteins as observed in cxtracts prepared by different solvents, e.g., dilute alkali, glycerol, and saline, is an expression of chemical differences between the ballast proteins thus obtained. In other words, each solvent attacks the complex system of protoplasm in a different manner and exhibits a pronounced selectivity with regard to the tissue proteins which it will bring into homogeneous solution. In addition, it is to be expected that treatment at pH about 10 or above, as it takes place in the preparation of the Burn and Ling extracts, may cause irreversible changes in certain of the proteins. The mobility values obtained with proteins subjected to such drastic procedures may conceivably be quite different from those typical for these proteins in their native state. In any event, the determination of the mobility of any protein contained in the gland extracts serves to label this component and allows one to gauge the success of subsequent fractionation procedures.
In a layer of thickness of the crude extracts as it exists in the new rectangular compartments of the Tiselius separation apparatus, several faint boundaries of an intermediary mobility were detected. There is reason to believe that the proteins responsible for these additional boundaries represent, at least in part, pituitary hormones. This is concluded from the fact that crystalline prolactin exhibits a mobility of the same magnitude as one of the minor boundaries seen in crude Burn and Ling extracts.
A fraction with high lactogenic activity, obtained from a Burn and Ling extract, showed two main boundaries, one corresponding to one of the ballast proteins of the crude extract and the other corresponding to that shown by crystalline prolactin. It follows that at least one major ballast protein present in the crude extract has been removed by the isoelectric purification procedure employed.
Freshly prepared solutions of crystalline prolactin yield only a single boundary. The high definition and small rate of spreading of this boundary in the course of the migration indicate that the product is~ at least electrophoretically, quite homogeneous. The second boundary observed in solutions after storage at low temperature shows a higher mobility and probably corresponds to denatured prolactin. Thus the technique makes it possible to follow the gradual transformation of a native into a partially denatured protein. Other examples of the usefulness of the method will be found upon inspection of Table I .
It would be of importance to characterize the pituitary proteins not only by means of their electrochemical behavior but also by their particle size. A first attempt in that direction has recently been undertaken by Severinghaus and his collaborators (14) . The main purpose of this work, however, was "to test the possibility of concentrating and separating the anterior lobe and pituitary-like hormones by means of the ultracentrifuge." Consequently, an air-driven quantity centrifuge (15) instead of an analytical centrifuge was employed in that research. It was found that gonadotropic fractions from pregnant mare serum and from castrate urine could be concentrated by subjecting them to ultracentrifugal fields of 150,000 to 200,000 times gravity for 4 to 6 hours. On the other hand, little if any concentration of a flavianate extract of beef hypophysis, rich in thyrotropic activity, could be achieved by the same procedure. These results suggest that the thyrotropic activity of the pituitary gland is associated with molecules of a size smaller than that of the gonadotropic principle.
It may be stated on the whole, that the application of ultracentrifugal and electrophoretlc methods to the study of the pituitary hormones holds considerable promise of enlarging the present knowledge of these important biocatalysts.
SUMMARY
The moving boundary method of electrophoresis has been applied to a study of pituitary extracts and purified protein fractions derived from these extracts. The technique employed was that developed by Tiselius and involved the optical observation of the protein boundaries by Toepler's schlieren method. The present experiments were designed primarily to determine the number of proteins present, the degree of homogeneity of the various fractions, and the electrophoretic mobility of the individual components under standard conditions.
The preparations studied included crude gland extracts obtained with dilute alkali, glycerol, and saline; purified pituitary fractions prepared by isoelectric and precipitation procedures; and freshly prepared and aged solutions of crystalline prolactin.
The bulk of the crude gland extracts is composed of physiologically inert proteins, the gradual removal of which in the course of the chemical purification procedures could be controlled by electrophoretic analysis. Freshly prepared solutions of crystalline prolactin exhibit a high degree of electrochemical homogeneity. Upon storage, however, a second component, presumably denatured prolactin, is formed.
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